seeds of many plant species and are associated with reduced degradation of protein and dry matter digestRoundhead lespedeza, Lespedeza capitata Michx., is a deepibility by ruminant animals (Albrecht and Muck, 1991; rooted, perennial legume native to the eastern and central USA and is relatively common on remnant upland prairies throughout the Mid- Miller and Ehlke, 1994; Broderick and Albrecht, 1997) .
is possible; however, lines bred for lower tannin have tion due to genotype ϫ environment interaction was high. Of these been less productive (Donnelly, 1981) . Mosjidis (1988) 39 plant introductions, we selected eight that were common to both determined the genotype ϫ environment effects of 10 environments and had low CT concentrations in leaves at flowering.
sericea lespedeza genotypes grown in 10 environments
The CT content of these plant introductions, however, was still relaand found that "Low tannin sericeas were found to be tively high when compared with sericea lespedeza [Lespedeza cuneata proportionally less productive than high-tannin sericeas (Dumont) G. Don] that was bred for low tannin content. Collections in high-yielding environments. However, it is possible to should be made from a larger geographical region to look for germplasm with lower CT concentrations.
select low-tannin lines with an environmental response similar to high-tannin sericeas."
To develop roundhead lespedeza cultivars successfully, information is needed on the variation of CT con-R oundhead lespedeza is a deep-rooted, perennial centration from different plant parts and the effect of legume native to the eastern and central USA.
environment on CT concentration for available germRoundhead lespedeza is the most widely distributed plasm. Our objectives were (i) to determine variation of the 11 Lespedeza species native to North America of CT in roundhead lespedeza leaves, stems, and inflo- (Clewell, 1966) . It is relatively common on remnant rescences; (ii) evaluate genotype variation over environupland prairies throughout the Midwest. Roundhead ments; and (iii) select germplasm lines, common to both lespedeza has many uses. It is an excellent forage plant environments, with low CT concentrations that could that is eaten by all classes of livestock and the seed be used for breeding parents and/or bulked into a synand foliage are used by wildlife for food and habitat thetic variety. (Graham, 1941) . Roundhead lespedeza is susceptible to overgrazing and is slow to reseed under natural condi-MATERIALS AND METHODS tions (Kneebone, 1959) .
Condensed tannins are found in leaves, stems, and spacings at Columbia. Both field plots were randomized comerror). Upon analysis of the data, we found that the sampling plete block designs replicated three times. Plots were weeded error was less than or equal to the experimental error and by hand during the establishment year. Once plants were esthat the experimental error when tested against the sampling tablished, weedy grasses and forbs were allowed to establish error was not significant. Therefore, we averaged leaf, stem, around the plants. Spaces between rows were mowed two to and inflorescence CT values within a PI and replicate and three times a year to minimize weed competition. the data were reanalyzed using the model environment (E), In 1996, each PI was sampled at flowering and during seed replication in E, genotype (G), G ϫ E interactions, and residfilling at both locations. At Booneville, one or two plants of ual (experimental error). Replication in E was the error term each PI in each replicate were harvested when approximately used to test environment and the residual was used to test G, 25% of the flowers had opened (approximately 25% bloom).
and G ϫ E interactions. Variance components were calculated Plants were harvested in bloom from 17 June to 29 July with (PROC VARCOMP, SAS Institute, 1988) and used to esti-73% harvested on 17 June. Plants were harvested during seed mate the broad sense heritability as it applies to mass selection filling from 17 June to 16 September with 65% of the samples with self-pollinated species (Frey, 1983) . harvested on 16 July and another 24% on 29 July. At Columbia, a single harvest of two or three plants of each PI in each replicate was made on 5 July when the majority of the flowers
RESULTS AND DISCUSSION
had opened (approximately 90% bloom). At seeding, a single Average weights of leaf, stem, inflorescence and total harvest was made on 5 August.
shoot were greater at Columbia for both flowering and Samples were hand harvested approximately 5 cm above the ground. One shoot was selected from each plant sampled seed filling stages of growth than at Booneville (Table   and divided (Table 2) . Hence, this collection concentrations, on a dry weight basis, were determined for of roundhead lespedeza may be better adapted at Coeach 0.1-g sample by means of a modified vanillin-HCl method lumbia than at Booneville. (Price et al., 1978) . Whole stalk CT concentration was calcuWhen averaged over PIs, significant differences were lated by a weighted average on a dry weight basis of the observed between environments for inflorescences and inflorescence, leaf, and stem values. whole shoot CT concentrations at flowering ( that CT in sericea lespedeza might be involved in photo-
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synthetic transport and in other physiological processes † The true origin is unknown, however, these plant introductions were all donated from Nebraska and represent blended materials.
of the plant. Further research, however, is needed to verify if CT is actively transported to inflorescences of ments (Table 3 ). The greatest change was in the inflorescences. The decline in inflorescence CT is likely due to roundhead lespedeza during early seed development.
The concentration of CT in leaves and stems was not a dilution effect caused by the seed. At Booneville, the weight of CT at flowering (approximately 25% bloom) different for the two environments at flowering. For Lotus uliginosus Schkuhr, Lees et al. (1994) found was 0.31 g and at seed filling was 0.51 g. At Columbia, the weight of CT at flowering (approximately 90% higher CT concentrations in leaves was a function of time (days in growth chamber), position of leaf on stem, bloom) was 0.59 g and at seed filling was 0.64 g. When environments were analyzed separately for weight of and temperature of the environment. They found a 4-to 5-fold increase in average CT concentration when CT, no significant difference was found between growth stages (P Ͼ 0.23) at Columbia. Significant differences plants were sampled after 14 d and again after 33 d of growth. After 33 d of growth, CT concentrations were found between growth stages (P Ͻ 0.01) at Booneville. Because plants were sampled before seed developremained relatively stable until plants were harvested. On the basis of Lees et al. (1994) data, leaves older than ment at Booneville, the transport of CT into the inflorescences from the leaves and stem, as discussed earlier, 33 d showed relatively little change in CT content. Thus, leaf CT may have peaked at both locations by the first would not have occurred. Thus, a lower CT weight was found for inflorescences at Booneville. sampling date. Whole shoots, however, had a greater concentration of CT at Booneville (89 g kg Ϫ1 ) than at High CT concentrations in inflorescences might deter animals from eating flowers, thus ensuring a seed crop. Columbia (73 g kg Ϫ1 ). Although the difference between environments was insignificant for leaf and stem tissues Once CT levels have declined at seeding, browsing or grazing animals might ingest seed heads, thus providing at flowering, the concentration of CT in whole shoots was greater at Booneville because of higher concentrafor natural scarification of the seeds as they pass through the animals' digestive tract. These PIs of roundhead lespetions of CT in the leaves and stems. On average, leaf and stem tissues account for 73% of the shoot weight. deza averaged greater than 90% hard seed, but upon scarification of the seed with sandpaper germinated in When averaged over PIs, the concentration of CT in leaves, stems, and inflorescences declined with plant excess of 85% (Springer and McGraw, 1995) . In comparison, roundhead lespedeza seeds recovered after passage senescence (flowering to seed filling) in both environ- 
